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Ix a previous paper (Huxley, 7) T showed that the remarkable

phenomena of regeneration from dissociated cells, first ohserved
by H. V. Wilson (15) in monaxonid sponges, later extended
by him (16) and by de Morgan and Drew (4) to coclenterafes,

could be studied in a simpler and more

X2
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heterocoelons calearcous sponges than in any other {vpes
investigated, T further showed that, by eertain methods,
restitution-hodies  composed entively or almost entirely of
collar-cells could he produeed, and that these assumed a form
guite unlike anything found in normal sponges, but with
a resemblance to a Choanoflagellate colony.  Simple excess
of collar-cells, or, apparently, larger masses composed
almost entively of eollar-cells, led to the formation of what
T called choanoeyte blow-outs—a part of the solid mass heeoms-
ing blown out to form the segment of a collar-cell sphere,

Sinee then I have eontinned making observations on the
subject as opportunity offered.  Although these cannot pretend
to completencss, they have hronght certain new facts to light,
whichi T publish in the hope that other workers may extend
them by observation on the same favourable material. Some
of the work was done at Wood's Hole, Massachusetts, and some
at the M.B.A. Laboratory, Plymouth. I have to thank the
anthorities at both istitutions for then help in getting material
and in other ways. 1 have also to acknowledge mneh efficient
help at Wood's Hole from Mr. 1. .J. Davies, laboratory assistant
in the Riee Institute, Houston, Texas. .

2. MATERIAL AND METHODS.

A species of Syeon was used at hoth places. That used at
Plymouth was 5. coronatum,. obtained from piles in the
Millbay docks.  Orton (12) has recently drawn attention to
the faet that this sponge grows actively during the winter
without reproducing ; but during the swmmer it reproduces
so long as the temperature is above a certain level, and scarcely
grows at all. The same is to be presumed true of other species
of the same genus. If so, it follows that the hest time for
condueting similar experiments will be during the cooler half
of the year,

fixperiments were tried on homocoelous sponges such as
('lathrina and Leneosolenia, but withont much suceess, Restitu-
tion masses are formed, hut are small and do not hve well.
The collars and flagella are withdrawn on very slight provoea-
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tion, awd the organisms and their parts appear to be more
delicate.

The method originally adopted was that discovered by
H. V. Wilson— the squeezing of the chopped-up sponge throngh
fine-meshed sillk bolting-cloth.

In order to procure * pure enltures * of collar-cells, the sponge
or a transverse segment of it is held with one needle and hriskly
teased with another. By this means large sheets of collar-
cells are obtained. If the picees are shaken together in a solid
wateli-glass, they will eohere and larger masses result.

A method which will give an excess of collar-cells but not
an almost pure culture 1z simply to perform the teasing process
as above, and then remove the portions of original sponge.
The collar-cells, being more easily detached than the others,
will form the bulk of the tissue present.

Finally, simple squeezing of the whole sponge with the
fingers into water will give a thick suspension of single cells
and very small cell-aggregates. whieh 13 very simnlar to the
culture produced by squeezing through gauze. By different
dilutions of this suspension, different results can be achieved.

These methods will be called squeezing through gauze,
choanoeyte isolation. teasing, and squeczing without gauze
respectively.

The experiments at Wood’s Hole were done in late July
and August ; those at Plymouth in July and early August.

o)

8. SUBDIVISION 0F RESTITUTION-BODIES.
(Work done at Plyvmouth.)

A teased eulture was made on August 3, 1920.  Many of
the restitution masses were of rather large size. They began
to blow out in normal fashion. and after six days a number of
very fine choanoeyte blow-outs were present.  Ou the seventh
day they were even better. On the eighth day a certain
quantity of bodies consisting of a munber of small spherules,
rather closely packed together, were observed in the dish
(ig. 1). They were attached to the glass, and some foree was
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neeessary to squirt them free.  On examiming them Lat fivst
thought that they might be derived from the Sycon restitution-
bodies, but dismissed the idea as improbable.  Later in the
same day 1 took some of them to Miss Lebour, Naturalist at
the Laboratory, to see if she could identify them.  On examining
them under pressure with a high power, it was found that they
contained fragments of spicules.  Thus the suspicion that they
were of sponge origin was strengthened.

Two days later a restitution-body which had for four days
been isolated for other parposes on a shide in @ moist chamber
was examined and was found to have subdivided into six
spherules (fig. 2, @). Thus their sponge origin was conclusively
proved.  Meanwhile the original dish was picked over, sowme
of its contents preserved, and the remainder sepavated into
divided and normal undivided masses.  The norunal masses
were exanined two days later (the tenth day of the whole
expertment) and found to be still undivided, many with
active flagella and protruded collars still visible externally.
On the thirteenth day, eight out of fourteen masses were still
single, but the remaining six had subdivided. They were
similar i every way to those observed on the eighth day,
except that they were not so closely packed, and that I could
see no traces of a gelatinous membrane round the spherules.
It would, however, of course be expected that those which
subdivided carlier would be of slightly different composition
from these later-divided ones.

A detuiled observation of one of the ecarlier divided masses
on the ninth day (fig. 1, «) showed that the spherules were
tightly packed and mutually compressed. The whole body
was surrounded by a faint gelatinous membrane, which
apparently caused the whole to adhere to the glass. Under
a higher power (fig. 1, b) the single spherules were seen to
consist of a one-layered epithelium surrounding a central 1mass.
The epithelium was composed of extremely elear cells, with a few
minute granules 3 the central mass did not touch the epithelium
at all points, and was dense and of @ yellowishi colour ; el
outlines were not visible i it The single spherules did not
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appear to possess separate membranes. My attention, however,
Lad not yet been drawn to this point, and I cannot he sure of
it. Broken spicules were present n some.  Another mass
examined on the same day contained many more fragments
of spicules. It was very shmilar to the first, but the epithelia
were not so sharply marked oft from the central masses,
which in their turn were not quite so dense.  When gelatinons
wienbranes were present, numerous bacteria were usually seen
along their outer edges.

The spherules were of various sizes. as is showu 1 fig. 4,
which illustrates an isolated specimen on the tenth day. This
sale specimen was examined again on the thirteenth day.
The same individual spherules were identified, but then appear-
ance lad changed, their outhnes being less regular and the
general effect more transparent.  On exanination with a high
power this was seen to be due to the fact that in the majority
most of the mdividual cells had separated from each other
(fig. 5). LEach spherule was surrounded by a definite layver of
jelty.  Within this, isolated clear cells, all sub-spherical, were
scattered. At one point, either central or at the side, a denser
vellowish mass was seen.  This appeared to consist of larger
cells, still adherent, containing many granules (of two types,
large and small). A few of the small clear cells could still
be seen embedded in some of the yellow masses. A winority
of the spherules showed a different appearance (fig. 6). In
them the spherule had simply subdivided into a small number
of pieces, of somewhat rregular shape, each apparently con-
sisting of clear cells round the periphery, vellow cells withiu,
TFinally, one or two spherules intermediate in type were seen,
1. e, with a few large masses and also some isolated clear cells.

The independent gelatinous coverings of the separate
spherules were also scen o other specimens, ¢ g. in that
shown in fig. 2. '

A variant of the types already discussed s shown in fig. 3,
which illustrates a small mass found in the culture-dish,
consisting of an epithelium of derusal cells surrounding a central
masy, presumably mainly of collar-cells, which had subdivided
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into spherules. No gelatinous layer was seen round this mass.
This was paralleled in the development of some other masses ;
¢. g. that shown in fig. 2, ¢, had, three days later, assumed the
appearance shown in fig. 2, b, The smallest spherule was
unchanged.  The remaining five. however, were all snrrounded
by a well-marked epithelimn of dermal cells very different
from the epithelium shown in fig. 1, which I take to be ehoano-
cvtic.  The masses had swollen up by the seeretion of Huid.
The central portion had i three of the spherules hegun to
fragment. The gelatinous Iayers were of the same thickness
as before.  Although no cell-outlines had been visible mn the
spherules when examined three days previously, it had been
noticeable that thelr outer bhoundary was very sharp. Other
observations give colour to the idea that this sharp boundary
Leralds the formation of a dermal epithelium.

In this case the dermal epithelium 1s formed after the
spherules have been produced. In the mass shown in fig. 3,
the whole mass forms a dermal epithelium, and the spherules
are then produced internally.

The further history of the spherules was as follows. The
majority showed disintegration of the types shown in figs. 5
and 6. A few degenerated directly. No recovery was observed
in spite of change of water. This, however, may only mcan
that laboratory conditions were unfavourable. It is to be
remarked that the general appearance of the tissues in stages
like that of fig. 5 was perfectly healthy.

Another culture was later found, where the same processes
were obzerved. It was unfortunately not possible to carry
out experiments to determine if subdivision could be initiated
at will.

The subdivision appears to be primarly a rveaction to un-
favourable conditions (witness the accumulation of bacteria
round the edges of the subdivided masses).  In all the dozens
of dissoctation cultwres 1 have made at Naples, Wood’s Hole,
and Plymoutls, these two were the only ones where subdivision
was observed.  Both these cullures were from teased, not
squeezed, material,
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The seeretion of gelatinous membranes is of mterest.  Other
noteworthy points are as follows :—(1) The size of the spherules
produced varies within considerable Innits.  Those produced by
a single mass might be approximately equal, or of very different
sizes. (2) T at first thought that the phenomenon was deter-
mimed by the proportion of dermal cells present, subdivision
continuing until enougl surface was formed to accommodate all
the dermal cells i the state of stimple epithelium.  Appearances
like that of fig. 1, b, however, seem to negative this, for there
the epithelium surrounding the spherules i3 cuboidal, and quite
unlike any dermal cells seen by me. This epithelium seems to
consist of the healthiest choanocytes present.  The difference
of colour between them and the cells of the mner masses, how-
ever, 1s to be noted. and it 1s possible that they represent
a dedifferentiated condition of the dermal cells. If so, they
would resemble the cuboidal form of the ectoderm cells seen
m dedifferentiated stolons. &e.. of the Asadians, Perophora
and Clavellina-cells which are normally as flattened as the
normal dermal cells of Syeon. At all events the phenomenon
must be determimed by some surface-volume relation, the cells
not being able to cohere m large masses when m certain con-
ditions.

In any case, the spontaneous segmentation of the masses
mto regularly-arranged portions of smaller size 1s of interest.
This plienomenon never oceurs, as far as is knowi. m the normal
life-history of Sycon; vet the process is regular, and at first
sight would e taken for a normal occurrence. It is an example
of the determination of physiological processes by the direet
action of external circumstances, without any modification
by way of heredity. A somewhat similar phenomenon was
found by Miller (10) in restitution-bodies of Spongilla, but it
was 1ot so regular, nor, smee it only ocewrred m large masses,
does it seem to have been due to identical causes,

(3) The separation of the clearer cells from cach other,
apparently when the circunstances have beeome slightly more un-
favourable, 1s also of interest.  In Perophora and m Hydroids, o
slight concentration of toxie substances starts dedifferentiation
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i the zooids (results in cowrse of publication).  The further
progress of events in these organtsms, however, is determined
by the cmergence of the cells from the tissue into the blood,
leading to the resorption of the zooid. Here, in these spherules,
the cells emerge from the tissues, but wust remain in position,
sinee there 1s no means by which they can nugrate clsewhere.
Slight mercury poisoning also causes emergence of some of the
endoderm cells from the gut of late Echinoiwd plutel. It
is probable that total or partial resolution of the tissues mto
separate cells 1s a general oceurrence in deditferentiation,
but that 1t 1s masked in many cases, e, g. m Clavellina. A study
of these phenomena, together with that of dissociation of cells
as observed in particular chicmical solutions, as. e. g., observed
by Gray (5), will throw light on the problem of cell-coherence
in general. '

(4) The production of a definite dermal epithelium late in
the Istory of many subdivided spheres 1s to be considered in
relation to the observed fact that restitution-bodies with
dermal epithelium are wore viable than those composed of
choanocytes alone (Huxley, 8).

(5) The transition from a state in which no cell-outlines are
visible (figs. 2, a3 6) to one where the cells are distinet (fig. 2, b)
or separated (fig. 5) is to be compared with the formation of
syueytia i Coelenterate restitution masses, as noted by
Wilson and by de Morgan and Drew, and their subsequent
resolution into cells.  Here again a very important general
plienomenon is made accessible to study.

4. DErMaL Brow-ours.

Iu my previous paper three types of restitution were
deseribed, leading to: (1) normal regencrates, consisting of
dermmal and gastral cells in normal proportion. These forned
spicules, and those that lived long enough produced normal
nihiature sponges.  (2) Collar-cell spheres @ small hollow
spheres. cousisting of a single layer of choanoeytes, with no, or
very few, other cells.  (3) Collar-cell blow-outs : masses con-
sisting maiuly of collar-cells; blown out 11 one or more regtons
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to form segments of spheres.  The external epitheliuin of the
solid remainder might be formed : («) by collar-cells only,
(b) by dermal cells only. (¢) by patches of botl.

Other types have now been observed.  The most interesting
are the dermal blow-outs. Theseappear to be formed
whenever the mass contains a preponderance of dermal cells.
A niass of collar-cells generally fills most of the mterior : 1t is
covered closely with a single layer of dernal epithelium, wlich
at one point is swollen out to form a segment of a sphere
which thus consists entirely or almost entirely of dermal
cells.,  Often cells are to be seen adliering to its mner surface ;
these were sometimes rounded and of a fair size, presumably
typical amochoeytes, oftener of the minute clongated type
which I have called finger-cells (see p. 304). A few detached
cells might sometimes oceur in the cavity. These were ocea-
stonally seen to be forming spicules. A typical mass of this
kind 15 shown n fig. 12.

shaking caused contraction and disappearance of the blown-
out regions, as with the collar-cell blow-outs.

One very peculiar mass was seen (at Wood's Hole).  This
was isolated together with a number of others shortly after
concrescence, when they were solid and nregular m shape.
Tour days later this was found to have a large hemispherical
collur-cell blow-out, which i 1ts turn showed a small dermal
blow-out on one side. Under the surface finger-cells were
visible. It would thus appear that local as well as general
excess of dermal cells can occur, leading to the formation of
mixed blow-outs.

Previous experience (Huxley, 8) has led me to conclude that
when a small proportion of dermal cells 15 present in a culture,
they exercise an attraction for cach other. This leads to the
production of a few normal regenerates in a culture consisting
mainly of collar-cell blow-outs. In a similar way tlns con-
gregation of dermal cells can lead to the formation of dermal
blow-outs.  This was 50 1 the mass shown in fig. 12,

This and other facts would indicate that the formation
of dermal blow-outs 15 mainly a matter of the number of dernial
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cells present in a particular mass. That this 1s not all, however,
15 shown by the following experiment (Wood's Hole).

July 120 Several sponges squeezed through bolting-sillk
into a finger-bowl,  Three dilutions of the resulting cell-
suspension were made : (1) dense, (2) medinm, (3) dilute.

Results :—After one day: (1) large, sometnmes irregular,
masses 3 (2) medium-sized spheroids, many with good collars
and tlagella, many with larvae embedded in them ; (3) as (2),
but smaller, and fewer with larvae.

After two days: (1) no blow-outs ; most seem normal restitu-
tion masses : (2) most with collar-cell blow-outs ; (3) some
with collar-cell blow-outs.

After three days: (1) as before : (2) fewer collar-cells than
the previous day ; (3) none seen blown out.

After five days : (1) the smaller masses formimg small dernral
blow-outs ; (2) many with large dermal Dlow-outs ; (8) solid.

After nme days: (1) mostly dead ; (2) many attached to
ulass ; (3) as before, none attached.

A repetition of the experiment gave shuilar results, except
that dermal as well as choanocyte blow-outs were formed
carly 1 the middle dilution.

1t will thus be seen that dermal Dlow-outs did not begin
o appear until the fifth (or fourth) day, and that they appeared
most notably in the same culture which had previously pro-
duced the best choanoeyte blow-outs. Thelr failure to appear
m the large masses of (1) may be due to the fact that these
m this expernnent were not very healthy. It would appear,
since the only difference between (2) and (3) lay in the size of
the masses formed, that the eventual production of dermal
blow-outs i3 determined partly by the total, and not only by
the relative nmuber of dermal cells present. [t appears that
first of all the collar-cells on the surface protrude collars and
tlagella towards the water ; these are, however, very susceptible
to noxious imtuences, and as culture conditions hecame less
good they retracted nto a splieroidal form.  The dernal cells
then migrated to the surface and covered the collar-cells with
an epithelium, which they were apparently unable to do when
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the external collar-cells were functional.  Since, however, the
total number of dermal cells in a mass 13 proportional to its
volume. while the number required to form a single external
layer of epithelium is proportional to its swrface, theve will he
m large masses an excess of dermal cells above those needed
to form the epithelimmm. This excess apparently forms the
dermal blow-outs. The replacement of choanocytes hy dermal
covering is of mterest in view of the greater viahility or protee-
tive capacity of the dermal cells shown by other considerations
(Huxley, 8).

I'ig. 13 shows another type. A number of very large masses
had formed in a culture produced by squeezing without gauze.
The larger masses had first heen very irregular in shape, and
had demonstrably heen formed by the coherence of original
smaller spheroids.  (The enlture was made in a finger-howl,
The flat hottom was covered with small spheroidsz, while
a ring of the large irregular masses was found at the foot of
the sides. This was due to the opportunity given here for
many masses to come in contact hy rolling down the steep
sides.)

These irregnlar large masses later rounded up, and shortly
after this produced blow-outs. Some were similar to that
seen in fig. 12, Others, however, consisted of a much-
distended sphere surrounded by an epithelium of dermal cells,
the contained gastral cells not forming a well-marked mass,
but spread in layers of varving thickness over part of the mner
surface of the spherve (fig. 13). The majority of the larger
masses in the culture were of this type, while the majority of
the smallest were not blown out at all. hut were normal
regenerates.  This hears out the conclusion drawn above as
to the role of size of mass.

Wilson, in his experiments with Coelenterates, also found
that size of mass was very important, the larger masses failing
to metamorphose. A study of restitution-bodies from  this
point of view would probably throw light upon the reasons
for the sizes of the larvae in many low types.

An mteresting feature of most dermal blow-outs examined
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with the high power was the association of the small types of
amochoevtes I propose to call finger-cells with the
dermal eells in the hlown-out region. This was observed both
at Wood's Hole and at Plymouth. In surface view the dermal
epithelium is seen to consist of a number of granular areas
(fig. 12)—cell-hodies—separated by transparent areas, where
the protoplasm is extremely thin. Cell-junctions cannot be
seenin vivo. DBelow each granular area is seen an nregular
stellate figure. On careful examination this 18 seen to consist
of a number of finger-cells radiating from below the centre
of the cell-body. Optical cection of the periphery gives a profile
view, when the body of the dermal cell is seen to be sharply
marked off from the underlying finger-cells. Similar finger-
cells are zeen to protrude, but singly, from the inner mass of
choanocytes. The meaning of this arrangement of finger-cells
remains ohscure.

The cultures containing the large dermal blow-outs above
referred to were examined again later. Almost all had produced
some spicules, and a considerable proportion had metamor-
phosed into funectional young sponges of the * Olynthus * stage.

In my previous work (Huxley, 7, p. 169) I never ohtained
fixed Olynthus stages from restitution masses. Here, however,
some 25 per cent. of them were firmly attached. A few of
these were of great regularity of form (fig. 7, ), again surpassing
any obtained previously. Others, however, showed marked
irregularities, more pronounced than any seen in 1910, often
appearing as if preparing to form a second oseulum. In no
case. however, was a second osculum seen, or even a rudimentary
second oscular crown of spicules.  The most remarkable
thing about these forms was the large size shown by many
of them, far exceeding that of a newly-metamorphosed larva.
Thus, although large size is associated with less viahility of
restitution masses, yvet even very large masses, provided they
remain healthy, can metamorphose into normal-type Olynthi
if the various sorts of cells are present in correct proportions.

Some idea of the normal size of Olynthi from larvae can
he got hy comparing the figures of larvae (figs. 9, a; 10, q,
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drawn to a larger seale than figs. 7. @ and b). Tt is possible
that the abnormal-shaped Olynthi were produced by dermal
blow-onts of the types of fig. 12, or by coalesced masses of
irregnlar shape.

Numerous other masses, however, were seen of the type
shown in fig. S. Here spicule formation had progressed well,
but no oseulum was present. The most noticeable point was
the restriction of the gastral layer to part of the sphere (as
already seen, e.g. in fig. 13). The gastral layer was usually
one cell-layer in thickness. hut in some masses was several layers
thick at certain spots only (fig. 8).

The disproportionate number of dermal cells had certainly
delayed development. As I had to leave Plymouth the day
after discovering this type of regenerate. their fate could not
be ascertained.

5. DARK-CENTRED MASSES,

These were both seen at Wood's Hole and at Plymonth.
Typically (fig. 11). they consisted of a dermal epithelinm,
surrounding several layers of pale cells, apparently choanocytes,
which in their turn surrounded a central mass of dark yellowish-
brown material, whose cellular nature could not be seen in
vivo. The central mass is separated from the pale cells by
a space. In one or two cases the central body was seen to he
revolving. Tf this was so, then the collar-cells must have
developed flagella on their inner side.

The meaning of these masses is ohscure. There is a strong
resemblance between the inner mass and the yellow-hrown
masses seen in the subdivided spherules (fig. 5), and some
resemblance also between the intermediate pale laver and the
1solated cells of fig. 5.

A few speeimens were observed where a dark central mass
was present, together with active choanocyte epithelium on the
outside.

6. ADHERENCE OF LIARVAE TO MASSES.

Both at Wood’s Hole and at Plymonth it was noticed that
when cnltures were made from sponges containing nearly
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mature larvae, these might adhere to and he actually embedded
in the restitution-bhodies (figs. 9, a; 10, a). In this situation
their tlagella would continue to heat.  Transferring masses
with embedded larvae by means of a pipette often resnlted
in detaching the larvae (fig. 10, b). Larvae that remained
attached appeared to beecome resorbed into the masses, finally
dizappearing (fig. 9, a—¢). Histological investigation of this
has not vet been nndertaken.

7. ADHESION ANXD UNIFICATION OF RESTITUTION-BODIES.

In seetion 4 an account has already heen given of the fusion
of a mumber of spheroidal hodies to form irregular masses,
which later hecame spheroidal in their turn.  These were all
masses with excess of dermal cells.  Some observations on
masses with excess of choanoevtes may alto he given. Some
four-day restitution-hodies were isolated in a hanging drop.
The chief are shown in fig. 9, a. Most are covered with dermal
cells, but two have dermal epithehum in part. Sowme have
attached larvae. After two days these were seen to have
fused (fig. 9. b). Three larvae and two other small restitution-
hodies, not shown in fig, 9, a, had not shared in the fusion.

On the next day the larvae were still visible, but the general
form was not so irregular. The day after (fig. 9, ¢) the larvae
were no longer visible, the blown-out region had inereased,
and the traces of the separate original masses have heen
almost lost, the mass looking quite unitary, though with
slight irvegularities.  Two days later (fig. 9. d) slight regressive
changes had set n.  The form was more unified, but the blow-
ont was smaller, and the collars had been entively, the flagella
partially, retracted. Gaps in the blow-out appeaved, bridged
by dermal cells. Three days later the blow-ont, together
with all traces of tlagella, had disappeared, and four days later
the mass had still further shrunk, and was apparently covercd
entively with dermal cells, though T could not he quite sure
of this.

The most mteresting feature of this is the gradual assumption
of unitary form hy artificial agaregation of cell-masses, which
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in their turn are produced in a totally abnormal, artificial way.
The form produced, however, as alzo in the case of the choano-
evte spheres, though typical, is not in the least like anytling
occwrring in the normal life of the speeies.  IHere, typieal
form and form-changes of an organic type are seen i artificial
aggregates. Onee more we see a series of organic forms very
clearly as an equilibrium between external environment and
inner constitution. Here, however, the mner constitution is
simple, the changes are not running in grooves of heredity.
It is probable that many adult forms of simple organisms,
as well as simple developmental forms, are in this way deter-
mined almost entirely by a direct relation of not highly-
differentiated tigsues with environment. The blastula, for
imstance, may or may not represent an ancestral adult formn.
It certamly 13 a primitive ancestral developmental form ; but
it 1s this not for any adaptive or evenfually ‘organismal’
reason, hut hecause 1t is the simplest way in which
a number of undifferentiated cells can arrange themselves in
a fluid medium. See also Child (2) for an account of the way
in which adult form may bhe largely determined thus in flat-
WOrns.

S. RESTITUTION-BODIES AND TiSSUE-CULTURE.

It is obvious that the spheres produced by isolation of sheets
of collar-cells are © tissne-cultures ” in that they consist of one
sort of cells only. Their history in ordinary sea-water is
a bistory of gradual starvation, followed hy involution, since
the fluid does not contain sufficient nutriment. Nwmerous
experiments were tried with a view to finding a suitable
nutrient medium, but so far withount snecess.

(1) Pure culture of the Diatom Nitzechia, so successtully
employed by Allen and others for feeding Echinoid plutei,
were obtained and mixed with water containing preponderat-
mmgly choanocyte restitution-bodies. In a few cases, diatoms
were seen in the collars of coltar-celly, or partly embedded in
the cell-hody ; but they were apparently too long for con-
venient ingestion.

NO. 258 Y
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(2) Suspensions of common sea-water Bacteria killed by
heating were added daily.

(3) Masses were pnt in vessels, together with fresh Ulva, to
see whether they would ingest the swarm-spores.

(4) Sterile solutions of Peptone m sea-water, of various
strength, were prepared.  The restitution-hodies were trans-
ferred to this through four changes of sterilized sea-water,
the pipette being sterilized between each operation.  Although
somewhat over 50 per cent. of the enltures thus prepared
became contaminated, vet a number remained free of hacteria,
In all these, however, the choanocytes underwent regressive
changes, actually sooner than in normal sea-water, and the
masses died within a few days.

(5) ‘Sponge Broth'’. 3c.c. of chopped sponge was
extracted 1 20 e.c. of sea-water and sterilized, and restitution-
hodies transferred to it as under (4), but again with no suceess,

(6) Ammonium lactate of 0-1 per eent. concentration
was prepared and a trace of phosphate added (ef. Peters, 14).
and then sterilized.  Again some restitution-bodies were
transferred to the medinm without infection. but all contracted
and died speedily,

(7T) Under ganze, in the circulation (at Wood's Hole). Unfor-
tunately these experiments had to be discontinued. The
restitution-hodies remaimed healthy for some time, hut growth
could not be detected.  The fact that normal regenerates throve
better and actnally grew in these conditions. warrants the
helief that come modification of this method might he sue-
cessful.

Althongh all methods so far tested have proved unsnecessful,
vet I feel sure that choanocyte masses could he supplied with
food. It is possible that experiments in cirenlation would
suceeed hest at Naples, where Syeon establishes itself and grows
m the tanks,  Further, experiments of this nature wounld most
profitably he nndertaken in the cooler months (see § 1 of this
paper). At Wood’s Hole T found that covered cultures kept
cool m the cirenlation throve better than those exposed to
alr-temperature,
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The ecultivation of the collar-cell spheves, if successful,
would open out many points of interest. What, e. g., would
happen 1if considerable cell-multiplication took place 2 The
resemblance of the collar-cell spheres to colonial protozoa,
and the fact that the collar-cells are the nutritive organs of
the sponge, make the research still more interesting. Tinally,
the ease with which sheets of pure collar-cells can he obtained,
and the fact that they will remain healthy, with expanded
collars and active flagella, for one to two weeks without heing
fed, renders them very suitable as material. Detached tissues
which assume characteristic form in this way and lve for
a considerable period in the normal medium may be termed
free tissue-cultures.

One or two interesting points concerning ingestion by the
collar-cells may he mentioned here.

(1) Addition of powdered carmine to a culture of choanocyte -
masses was followed within an hour or so by ingestion of some
of the particles. Very many particles adhere to the flagella,
so that the masses appear reddish. Such particles as find their
way within the collar are ingested hy a pseudopodial extension
of the mtrachoanal protoplasm. No extrachoanal ingestion
was observed.

(2) When Nitzchia was added, very few were ingested, and
these only partially. They were usually caught, like the
carmine particles, by the ends of the flagella, and lashed to
and fro. This adhesive condition of the flagella 1s of interest.
(In fresh dissociation cnltures, finger-cells may often bhe seen
adherent to the flagella and being waved from side to side with
their heat.) Some were also seen adherent to the inner side
of the collars.

9. MEcHANICAL SHOCK. Toxic AGENTS.

Mechanical shoek, such as repeated pipetting, or even transfer
to a hanging drop, will eanse marked ehanges in the cells, hoth
dermal and choanoeytic. A collar-cell blow-ont treated in this
way shows marked reduction of the size of the blow-out region,

Y 2
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tocether with a thickening of its walls. The collars are nsually
retracted.  (See figs. 10, a. and 10, b.)
This sensitiveness to mechanical stimunl 1z shown by many
other tissues in eulture (cf. Holmes, 6).
Exposure to very dilute solution of mercurie chloride in
n n
(_— —— to T
500,000 2,000,000
the collar and then, gradually, of the flagellum, together with
slowing of the flagellar heat. The effect is proportional to the
<trength of the solution. This retraction of the flagelhum is a
remiarkable phenomenon, and the short stumps of the flagella
still heating provide a curions spectacle.
A record of an experiment is appended.

sea-water ) canses retraction, first of

RECORD OF EXPERIMENT.

Five or six collar-eell hblow-outs in each solution (100 c.c. each).
A. Control. Collarsand flagella vemained normal for twenty-four hours.
n
B 1 500,000 HECL
1 hr. 25 m. Two masses with short collars. Three masses with
very short or no collars, and sharp smooth outline of epithelinm.
all with fair to good flagellar movement.
2hrs. 10 m.  None with more than very short collars. Some
with short flagella.  These beating faster than mnrvetracted
flagella of other masses.  Smooth ontline still visible.
19 hrs. No eallars.  Only two with tlagella (moderate length),
two with slight eell-disintegration.
n 1]
4 750,000 ke
1 br. 10 m.  One mass with short collars in most cells, one mass
with vestigial collars, remainder withont collars.  Flagellar
action moderate. one with shortened flagella.  Blow-outs
shmnken in all but one. Some cell-disintegration.
21, No collars.  Flagellar action slow and spasmodie.
18 hrs. No flagella.  All masses with mmnel disintegration into
separate cells.
n
k- 21)0,()(»0”’4(‘]?'
1 b, No collars,  Flagellar action very slow or nil.  Flagella
abgent or normal length. Two blow-outs still present.
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Lhr. 55 m.  No flagella. Disintegration starting i all.
18 ls. 45 m. Masses present, but more disintegrated than C.

) u .
L. 100,000 Hg(1,.

50 m. Collar-cell blow-outs no longer visible,  One dermal blow-
out unaffected. Two masses with a few flagella moving (slow
or spasmodic).  Flagella somewhat shortened. Masses with
nregular outlines.

Lhe, 50 m.  All cells romnded off, total disintegration of masses
starting.

IS hrs. 30 m. - Completely disintegrated into groups of one to twenty
dead cells.

A} 1 il
Ie. 50,000 HgCl,.

40 m. No collars or flagella.  Blow-outs bwst, contracted, or
disappeared.  Masses with irregular outlines.
1 hr. 50 m. and 18 hrs. 30 m. s K.

10. Discussiox.
(@) Dedifferentiation. Positien and Fate.

Wilson, in his work on dissociation and subscquent regenera-
tion in Monaxonid spouges, left the question entively open as
to whether regencration was due wholly 1o the * totipotent ’
amoeboeytes, or whether the differentiated tissue clements
underwent a process of * despeeiadization ” (dedifferentiation)
mto an ‘indifferent or totipotent state ’, after whieh they
took their shaves in restitution. He doces not seem 1o lLave
envisaged the possibility of the differentinted cells shaving in
the restitution-process without undergoing total dedifferentia-
tion. In his later paper, on dissociation awd restitution in
Hydroids (16), hie returns to the subjecet, and deeides that in
these forms, where nndifferentiated cells form but a fraetion of
the normal body, the differentiated tissuc-elements definitively
become despecialized © to form masses of totipotent regenerative
tissuc ", The cells in these magses later differentiate in accov-
dance with their position, the outer cells forming
cctodern, the central core endoderm.  This 1%, of course, in
aecordance with Dricsch’s well-known dictum that the fate
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of a eell s a function of its position. He finally concludes that.
since the restitution-masses of sponges are so like those of
Hydroids, the processes occmrring i them are of the same
nature.

e further stated that the cells i the carly stages of the
restitution-mass formed a syneytium, few or no ecll-boundaries
being distinguishable.

De Morgan and Drew, in their later work on restitution-nmusses
i other Hydroids, while confirming Wilson in soure points,
differ from him in others. In the first place, although restitu-
tion-hodies with persare. ectoderm, and typical endodermic
coenozarcal tubules were produced and lived for as long as
sixty days, no hydranths were formed.  As Orton (12) suggests,
thix may be due to the fact that de Morgan and Drew’s experi-
wents were performed from December to Marel. when the
growth of Hydroids appears to be at a standstill, while Wilson
worked In the sununer.

In the second place, although they describe a syneytial
phase, their figures do not show any such complete cell-fusion
ag Wilson’s, and they mention that a small portion of endodern
cells ave always to be recognized as such. They do not pro-
nounce definitively one way or the other as to whether dedifferen-
tiation of all cells to a © totipotent * condition occurs,

Mialler (10) also believes that collar-cells do not take part
i the redifferentiation of restitution-masses m Spongilla, but
that the amoebocvtes and thesocytes form the new gastral
cells.  Tn view of the great role played by the aamocboeytes in
monaxonid sponges, and the specialization, small size, and
relatively small number of the choanoeytes, this is not sur-
prising. In gemmule development, for instance, the flagellated
chambers arise from archaecocytes.  The same author (11),
m deseribiug dedifferentiation i Spongillidae, notes that the
choanoeytes early dedifferentiate and disappear, apparently
ingested by amocboeytes. It would appear that they cannot
maintain themselves as such in unfavourable conditions.  In
this connexion, mention may be made of the work of Maas (9),
who found that slow deprivation of calcium led to sinilar
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dedifferentiation in - vartous  calcarcous  sponges, including
a heterococlous form (Sycandra).  He also deseribes degenera-
tion and phagocytosis of the collar-cells i late stages of the
Process.

In view of my work (see discussion below), it would appear
that m both Calearca and Monaxonida the choanocytes are
wore susceptible than the amoeboeytes, and will degencrate
m certain conditions.  In Calearca, however, this difference in
susceptibility is less marked, and the choanoeytes will reunain
capable of maintaining existence in dissociation-masses, while
this is not possible for those of Spongilla.

My own work (7) on Sycon wmdicated that the conclusions
of Wilson as to the fate of the cells in restitution do not apply
i the case of Sycon.  On dissociation the tissue elewments all
become dedifferentiated morphologically, e. g. the choanoceytes
lose both collar and flagellum and beeowe rounded, the derial
cells lose their extended flat shape for a spherowdal one 5 but
this dedifferentiation is not complete in the sense that the
various kinds of cells becowe physiologically siwilar, or acquire
the sane potentialitics of development. After this dedifferen-
tiation caused by shock the cells reditferentiate in appropriato
directions, the dermal cells producing an external epithelivm
round a central choanocyte mass, which m its turn becomes
hollow with epithelial walls.  The normal form of the post-
larval sponge is thus produced by a process exactly the reverse
of that envisaged by Driesch and Wilson. The fate of the cells
15 not a function of their position, but their eventual position i3
a function of their constitutional differences. The developinent
of a restitution-body 1s primarily a process of sorting-out of
different kinds of cells, followed by a redifferentiation of the
individual types of cells. We have thus to distinguish sharply
between two types of cellular dedifferentiation: (1) that
which leads to cowplete loss of the character of the fissue
to which the cell belougs, and a return to a totipotent, or at
least, if I may coin a new word, to a pluripotent condition.
This may be called ultra-typical (or pluripotent)
dedifferentiation; (2) that which leads to a tewporary



314 JULIAN 8, HUXLEY

suppression of the characters of the cell. also with the assump-
tion of a simple spheroidal form.  Redifferentiation, however,
15 ouly possible in the direction of the original form, and the
cell has not acquired pluripoteney by deditferentiating.  This
way be called 1ntra-typiceal (or unipotent) deditferentia-
tion.t

The existence of plunpotent dedifferentiation 15 rendered
probable by varous observations which cannot be entered nto
here. It has frequently been asswmed, however, on insufficient
evidence ; and in view of 1ts theoretical nmportance, and the
difficulty of proof, very thorough mvestigation 1s required to
establish its existence i any particular case.

Further evidence agaiust its occwrring i Syeon was atforded
by the artificial production of masses composed entirely. or
almost  entirely, of collar-cells.  These, though they hved
healthily for a uwunber of weeks, never produced a derual
epithelium or spicules.  This 15 paralleled by the failure of
endoderin or ectodermn alone to regenerate in Hydra, as has
been shown by various observers.

In a later paper (Huxley, 8) attention was drawn to the
fact that masses composed only of collar-cells were less viable
than those containing dermal cells also, although both were
Lept under identical conditions, and although the collar-cells
are the organs of nutrition.

In the present paper, the converse of the collar-cell blow-outs
15 shown to oceur in the form of masses with an excess of
dermal cells. These form blown-out vesicles exactly as do the
choanocytes when they ave in exeess.

1t i thus clear that, in Sycon at least, the form and composi-
tion of the restitution-mass depends (apart from questions of
size) upon the proportions of the different types of cells which
entered into 1ts composition.

1t 15 clear from the observations of Wilson that sowe process
of dedifferentiation does oceur in restitution-masses of Hydroids.

! Since writing the above, 1 find that a very similar classification of

types of dedifferentiation from the point of view of tumour-growth has
been adopted by Adami and McCrac (1, p. 324, Sce also pp. 318-22).
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. g, in Pennaria the endoderm eells enter m large numbers
to the composition of the restitution-masses, and are distin-
guishable 1mmmediately  after dissociation by Luge granules.
Within twenty minutes, however, a syneytial mass has been
formed. in which very few of these granular celewents can be
distinguished. Presumably the granules have heen resorbed in
the new conditions. On the other hand, neither his observations,
nor those of de Morgan and Drew, mn the least exclude the idea
of migration of ectoderm or endoderm cells to their proper
stations after mtra-typical dedifferentiation.

In this connexion, the facts concerning the possible attrac-
tron of the varions types of cells for cach other may be nien-
tioned (Huxley, 8). In cultures consisting almost entirely of
collar-cells, a small proportion of normal regencrates usually
occurred.  In other cultures made at Plymouth, where the
arcat majority of the masses were choanoeyte blow-outs, with
partial dermal covering, a small proportion were dermal
blow-outs, These facts may be due either to aceidental distribu-
tion of dermal cells, or else to an attraction of derual cells for
cach other.  This point conld only be settled by appropriate
experiments.  The probable attraction of spermatozoa by
choanocytes was wentioned in the sane paper.

(b) Formation of Blow-outs.

The secretion of fluid by epithelia, whether dermal or choano-
eyte, and consequent formation of spheres or segments of
spheres (0 blow-outs '), is an interesting phenomenon.

In this connexion, Mr. J. Gray, of King's College, Cambridge,
has kindly allowed e to refer to some unpublished obscrva-
tions of lis own, which hLe 13 at present investigating, on the
formation of similar blown-out spheroidal masses by fragments
of the gills of Mytilus. The phenomenon would thus seem to
have more than isolated significance. It perhaps mvolves
changes of the same nature as those tuking place in the forma-
tion ot a blastococle.
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(¢) Size Relations; Viability.

Wilson (loc. eit.) found that the size of the restitution-
asses produced by Hydroids was of great importance.  Large
masses almost invariably died early, while too small masses,
though living for a long time, failed to produce Hydranths
or even coenosarcal outgrowths.

In Sycon also, very small masses, though reaching a two-
layered stage and oceasionally forming spicules, fail to meta-
worphose.  Similar failure to produce normal struetuve from
picees below a certain definite size is well known in studies
on regeneration. both in unicellular and multicellular organisius.
[t may be partly due to mere lack of material, but undoubtedly
also, 11 some way not as yet properly nnderstood, to the
relatively greater surfuce and the consequences thercon atten-
dant—differences of gaseous exchange and difference of stimula-
tion by the environnient being prominent.

Similarly, in too large a mass, it does not appear that proper
oxyvgenation for the central cells can be provided. and so
disintegration sets in. - Wilson found the mteresting fact that
successtully-metamorphosing asses were of the same order
of size as normal plannlae. The same 1s roughly true for Sycou,
although here the upper hmit of size for suceesstul masses 1s
wuch further above the larval size than in Hydroids.

De Morgan and Drew comment on the fact that their restitu-
tion-masses, although not metamorphosing, were much more
resistant to laboratory conditions than the normal colonies,
and regard it as surprising.  There should be no ground for sur-
prise in this—the cells of the restitution-masses ave definitively,
as we have seen, in a dedifferentrated condition.  Experiments
on Perophora and Obelia show that the undifferentiated stolons
and hydrocaulus remain perfectly healthy m conditions causing
dedifferentiation and resorption of the zooids.  Clavellina
and other Ascidians hibernate m the form of * winter-buds’,
which are of soniewhat shmilar nature to restitution-muasses ;
and the normal gemmules of sponges have also something
in common with them. In the laboratory the hydriform

P ..
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larva of the medusa Gonionema becomes transformed into
a syneytial, undifferentiated mass, as was shown by Perking (13).

The obverse of this condition iy shown by the failure of
highly ditferentiated parts of the organism to maintain them-
selves in the restitution-masses.  Wilson and de Morgan and
Drew found that portions of tentacles fail to hecome incorporated
m the masses. This is paralleled by the fatlure of Hydra
tentacles to regenerate.  Apparvently, on the one hand they
are too highly specialized to dedifferentiate ; and on the other
cammot exist as such i the conditions afforded by the restitu-
tion-bodies.  The nematocysts also are gradually resorbed in
the restitution-bodies.

If we seek to emwbrace the phenomena in one general view,
we nray say that Hydroid tissues in unfavourable or abnormal
conditions lose much of their differentiation, come to have
a low metabolic rate (in the general sense in which the term
15 used by Child (8)), and are more resistant. In these con-
ditions specialized organs caunot exist.  The same tissucs
i optimum conditions possess a Ingher metabolie rate, and
are capable of maintaining specialized organs sueh as the
tentacles in existence.

(d) “Normal  and "Abnormal’ Phenowmwena.

Attention has already been drawn to the fact that many of
the processes occurring i restitution-bodies and free tissue-
cultures run parallel with various phenomena of development.
The normal phenomena constitute an interlocking series, each
stage of which is determined by the preceding and helps to
determine that which comes after. By studying processes
which occur in ‘“abunormal = conditions, e.g. by dissociation
methods, we remove the tissues of the orgamism frown this
developmental chain, where it 13 often impossible to say what
oceurrences are palingenetic, what adaptive, what the direet
consequence of changes i the enviromment, and what con-
ditioned by previous proeesses in the series ; by varying the
conditions, we may then throw light upou the normal processes.

S0 far my work has been mainly devoted to clucidating
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roughly the course of events in restitution-bodies 1 Sponges.
[t 15 cleayr, however, that in Sycon we have an admirable
material for qualitative expernnent, as to the role of size of
masses, the proportion of the tissues i the mass, the cohierence
of cells, their mutual attraction, &e.

The elucidation of these problems will need many workers,
and 1t 1s hoped that others may be induced by the facts here
set forth to take up the work.

Meanwlile two tendencies should be noticed.  The first 1s
a tendeney to discuss the results from a morphological stand-
pomt.  This 13 shown, e. g, in Wilson'’s discusston of results.
He compares the development of the restitution-masses in
detarl with that of normal development, and goes so far as to
apply the term © yolk” to the central syneytial portion which
remains - the middle of the masses while the two layers are
differentiating.  This, and mdeed his whole discussion, though
of great interest, seems to me to be putting the cart before the
horse. We should rather expeet to lind some of the canses deter-
mining the presence and form of the normal yolk by examining
the mode m which the abnormal conditions of a restitution-
nmass influence the mternal cells, rather than vice versa.

A word 13 also i order as to the use of the terms * normal’
and “abnormal . Abnormal 15 often used as if it were synony-
mous with pathological. This is not the case in any of the forms
of restitution-mags here deseribed (until we reach degenerative
change at the close of their history, this being due to lack of
nutriment and to laboratory conditions).  Dedifferentiation,
aggregation, sorting-out, &c., are all perfectly healthy pheno-
iena.

11, Sumamary or Rusunrs.
(Including those recorded m previous papers.)

1. Various methods can be used to dissociate the tissues of
Calecarca Heterocoela.

2. Mixture of the various types of cells in normal proportions
iy lead to the formation of normal regenerates, resembling
post-larval Sycon, with spicules, osculum, and pores.
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3. The development of these masses consists primarily m
the sorting-out of the dermal and gastral cells.  The former
produce a single-layered eptthelinm. below which spicules are
subsequently formed, the latter a central mass which later
heecomes a hollow one-layered sae, into whose cavity the eells
put forth eollar and flagella. Thus their fate 15 not a funetion
of ther position in the whole, hut their position a function of
their nature.

4. The two types of spicules are formed n the same order
as 1 normal development.

5. Free tissue-cultures consisting only of collar-cells can be
obtamed by appropriate methods.  These form spheres ve-
sembling choanoflagellate colonies with the collavs diveeted
ountwards.  These live for a considerable time, hut do not
vegenerate other forms of tissue or produce spienles.

6. All grades from these to masses contaming an excess of
dermal cells may be formed.  They may be classitied as follows :

(1) Collar-cell spheres.

(b) Collar-cell blow-outs. These consist of a solid mass with
one or more portions blown out to form a segment
of a collar-cell spheve.

(b 1) Withactive collar-cell epithelinmover the whole surface.

(b 2) With mixed collar-cell and dermal epithelinm over
the solid portion.

(b 3) With dermal epithelinm over the solid portion.

(¢) Normal regenerates.

() Dermal blow-outs, resembling (b 1), but with dermal
epithelinm over the whole surface.

7. In almost pure collar-cell cultures, a few normal regene-
vates may be found. In cultures consisting almost entirely of
collar-cell blow-outs, a few dermal blow-onts may he found.
This 15 probably due to mutual attraction of dermal cells.

8. Normal regenerates are more viable than collar-cell
spheres or collar-cell blow-outs of type (b 1).

9. Dermal blow-outs may be formed from collay-cell blow-onts.
They are in such cases produecd more readily from large masses.

10. Numerous methods have bheen tried for feeding the
collar-cell spheres and blow-outs, hut so far without suceess.
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11. The flagella of collar-cells are adhesive.

12. TLarvae may hecome embedded in the restitution-masses ;
they are gradually resorbed.

13. Restitution-masses, if hrought into contaet, will cohere.
The irregular masses thus produced gradually round up and
hecome unified.

14. Mechanical shock canses a contraction of hoth dermal
and choanoeyte blow-outs, and a retraction of the collars and
partial retraction of the flagella in the latter.

15. A pecuhar small finger-shaped amoehoexte (°finger-
cell 7y 13 numerous in normal sponges and restitution-masses.
These cells are arranged in a remarkable manner helow the
dermal epithelinm of dermal blow-outs.

16. Spontaneous segmentation of vestitufion-masses into
small spherules may take place, apparently m unfavourable
circumstances.  The spherules usnally secrete a gelatinons
covering. They may differentiate a normal dermal epithelium.
The bulk of the component tissne (presnmably choanocyte)
usnally separates into its constituent cells affer a time.

17. A type of restitution-hody with dark central mass 1s
deseribed.

18. Dedifferentiation of all cells takes place after dissocia-
tion, but does not lead to a totipotent condition.

NeEw CoLLEGE, OXFORD.
October 1920.
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EXPLANATION OF PLATES 13 AND 14.

The figures ave all drawn from life with the Abhé camera lucida.
The magnifications are given as follows: 344 oc., denotes
drawn at table level with a no. 3 (") objeetive and no. 4
Huyghenian ocular. The objectives and oenlars were Reichert
unless otherwise stated.

Prarr 13,

Fig. 1.—A subdivided restitution-mass. (Eight days.) «. The whole
mass. The spherules are mutually compressed and show a definite cubieal
epithelinm. (3++o0e.) b. A single spherule under higher power. The
central mass is distinet from the epithelium. (6+2 oc.)

Fig. 2.—Different stages of another subdivided mass. (3+4oc.)
a. A nine-day mass. The spherules have separate gelatinous layers, and
no sharp epithelia. Dark areas are seen within them. b. Three days later.
All but one possess well-marked dermal epithelia and have somewhat
expanded. The central masses are irregular, and several have fragmented.

Ilig. 3.—A small eleven-day mass with dermal epithelinm ; the contents
are subdivided into small spherules. No jelly-layer. (3+4 oc.)

Iig. 4. —Ten-day subdivided masses. The individual jelly-layers of
the spherules are not shown. (3+4 oc.)

Fig. 5.—A single spherule of the mass of fig. 4, three days later, under
higher magnification. The layer of jelly, the separation of the clear cells, and
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the dense mass of yellow-hrown cells ave seen.  (Zeiss || water-immersion +
+ compens. oc.)

IFig. 6.—Another spherule from the same specimen, same date. The
layerof jelly is thinner. The spherule has snhdivided into irregnlar masses
with clear onterlayer and yellow inner centre.  From one, cells are beginning
to separate. (Same magnification as 5.)

IMig. 7..—O0lynthus stages from restitution-masses. Oscnlum and osenlar
crown are well developed. (3+2oc.) «a. Large, fixed, of normal shape
(spicules fignred at the edge only). 0. Smaller, of abhnormal shape (spicules
omitted). A small pateh (undotted in the figure) lacks the gastral layer,

PLaTE 14.

Fig. 8.—.A further stage in the development of the type shown in fig. 13.
The gastral layer is markedly incomplete (spicules only figured at the
edge). (344 oc.)

Fig. 9.—Nucecessive stage in one hanging-drop enlture. (344 oc.)
«. The chief masses present in the drop. two hours after isolation (four
days from beginning of experiment). b. After two days. The masses
shown in (@) have fused together (in addition, in («) there were three embryos
and two small masses which had not fused). Note three larvae and one
sphere partially attached. e, After four days. Larvae no longer visible.
blow-ont larger ; more unification of the separate masses. d. After six
days. No collars. Flagella shorter and fewer. Still more nnification.
Giaps in the blown-out region biidged by dermal membranes with amcebo-
cytes on the inner surface. e, After nine days. Disappearance of blow-
ont. No collars or flagella. f. After thirteen days. Still further contrac-
tion. A few cells had separated from the mass (not shown).

Iig. 10.—To show the effects of mechanical shock. (3+4 o0c.) «. A mass
with good choanoeyte blow-out and attached larva. 0. The same mass
after repeated pipetting. The larva is detached, the epithelinm of the
hlow-ont has contracted and thickened, the collars have heen retracted.

g, F1.—Restitution-mass with dermal epithelinm and central dark
vellow-hrown sphere, separated from intermediate layers of collar-cells.
(6+2 oc.)

Iig. 12.—Small dermal Dlow-out under high power. (6+2oc.) The
dermal eells are granular.  Adhering to the inner side of each are a number
of finger-cells. A few dermal cells are figured in surface view. From others,
the subjacent finger-cells have Dheen omitted.  Over the rest of the
surface, dermal cells are not figured. The hulk of the inferior mass
is composed of choanocytes.  From the edge of this, finger-cells protrude
into the blow-out cavity.

Ifig. 13.—Very large dermal blow-out, spherical type. (344 oc.)
Here there is no sharp internal mass, hut the collar-cells form irregular
arcas-of varying thickness adherent to the dermal cpith * Those
on the upper side are represented darker than those helow. | <he cells of
the dermal epithelinm have been represented {oo large.)
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